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ALUMINUH-FREE MONOCYCLOPEWTADIEWYI HFTAInyPMP 
CATALYSTS FOR QLEFTM POI YMFPT7Ay^fff| 



spgcinrATinM 



FIELD OF THE TtlVPMTTnM 

This Invention relates to certain transition metal compounds 
of the Group IV-B metals of the Periodic Table of Elements, to a 
catalyst system comprising such Group IV-B transition metal compounds 
5 and an ion-exchange activator compound, and to a process using such 
catalyst system for the production of polyolefins. particularly 
polyethylene, polypropylene, and ethyl ene>a-o1ef In copolymers. 

BACKGROUND OF THE TMVFMTTOM 

10 As is well known, various processes and catalysts exist for 

the homopolymerization or copolymerization of olefins. Traditional 
Zlegler-Natta catalyst systems — a transition metal compound 
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cocatalyzed by an aluminum alkyi— are capable of producing 
polyoleflns having a high molecular weight but a broad molecular 
weight distribution. Traditional types of Ziegler-Natta catalysts 
have very high activities, and the polyoleflns produced therewith 

5 have low catalyst residues and do not require a subsequent catalyst 
residue deashing treatment. 

More recently a "metal locene" type catalyst system has been 
developed—one wherein the transition metal compound has 
cyclopentadienyl ring ligands. preferably at least two; such 

10 transition metal compound being referred to as a "metal locene"— which 
catalyzes the production of olefin monomers to polyoleflns. 
Accordingly, metal locene compounds of the Group IV-B metals, 
particularly bis (cyclopentadienyl) titanocenes and z1 rconocenes . have 
been utilized as the transition metal component in such "metallocene" 

15 containing catalyst system for the production of polyoleflns and 
ethyl ene-a-olef In copolymers. Hhen such metallocenes are 
cocatalyzed with an aluminum alKyl— as 1$ the case with a traditional 
type Ziegler-Natta catalyst system— the catalytic activity of such 

20 metallocene catalyst system Is generally too low to be of any 
comercial Interest. 

It has since become known that such metallocenes may be 
cocatalyzed with an alumoxane— rather than an aluminum alkyl— to 

25 provide a metallocene catalyst system of high activity for catalyzing 
the production of moderately high molecular weight polyoleflns. 
Unfortunately, the amount of alumoxane cocatalyst required to provide 
the metallocene component with high activity is generally high, 
generally expressed as a molar ratio of Al to transition metal, hence 

30 a polyolefin produced from such metal locene-alumoxane catalyst may 
contain an undesirable amount of catalyst residue (or ash content, 
measured as the nonvolatile aluminum and transition metal content). 

More recently, a new method of activating Group IV-B 
metallocene alkyl complexes was disclosed in European Patent 

35 Applications Hos. 277.003 and 277.004. The Improved metallocene 
catalysts are prepared by combining at least two components. The 
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first component Is a bls(cyclopentadlenyl) derivative of a Group IV-B 
metal containing at least one ligand which will combine with the 
cationic portion of the second component. The second component Is an 
Ion-exchange reagent comprising a cation which will Irreversibly 
react with at least one ligand contained in said Group IV-B metal 
compound (first component) and a non-coordinating anion which is 
bulky, labile and stable. Suitable non-coordinating anions disclosed 
In these applications include: 1) anionic coordination complexes 
comprising a plurality of lipophilic radicals covalently coordinated 
to and shielding a central charge-bearing metal or metalloid core, 
and 2) anions comprising a plurality of boron atoms such as 
carboranes. metallocarboranes and boranes. Upon combination of the 
first and second components, the cation of the second component 
reacts with one of the ligands of the first convonent. thereby 
15 generating an ion-pair consisting of a Group IV-B metallocene cation 
with a formal coordination number of 3 and a valence of 4+ and the 
aforementioned non-coordinating anion. The disclosures are limited 
to catalyst systems derived from Group IV-B metallocene complexes 
containing at least two cyclopentadienyl ligands. 
20 Aluminum alkyl-free olefin polymerization catalysts derived 

from transition metal complexes containing fewer than two 
cyclpentadiene have been relatively unexplored. John Bercaw reported 
COrganometallics. 1990. 9. 867J the synthesis of a 
monocyclopentadlenyl scandium polymerization catalyst. 
25 CMe2S1(C5Me^)(N-Bu*)ScH(PHe3)l2 This neutral Group 

III catalyst has a low activity and Is very expensive due to the high 
cost of scandium metal. The need exists to provide a method of 
preparing highly active, versatile, aluminum alkyl-free olefin 
polymerization catalysts derived from monocyclopentadlenyl ligand 
30 systems. 



SUMMARY OF THE IMVEMTTOM 

The catalyst system of this Invention comprises a transition 
metal coiiq)onent from Group IV B of the Periodic Table of the Elements 
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<CRC Handbook of Chemistry and Phvstr^, 68th ed. 1987-1988) and an 
Ion-exchange reagent which may be employed In solution, slurry, gas 
phase or bulk phase polymerization procedure to produce a polyolefin 
of high weight average molecular weight and relatively narrow 
molecular weight distribution. 

5 In general the Group IV B transition metal component can be 

a polyalkyl or hydride complex containing fewer than two 
cyclopentadlenyl groups. 

The "Group IV B transition metal component" of the 
roono-cyclopentadienyl catalyst system is represented by the general 

10 formula: 



15 




20 wherein: M Is Zr. Hf or Ti and Is in its highest formal oxidation 
state (+4, complex); 

^^5^5-y-x'^x^ a cyclopentadlenyl ring which is 
substituted with from zero to five substltuent groups R, "x" Is 0, 1, 
2, 3. 4 or 5 denoting the degree of substitution, and each 

25 substltuent group R Is. independently, a radical selected from a 
group consisting of C^-C^q hydrocarbyl radicals, substituted 
^l"^20.*'y^'^®"'''*^^ radicals wherein one or more hydrogen atoms is 
replaced by a halogen atom, C^-C2q hydrocarbyl -substituted 
metalloid radicals wherein the metalloid is selected from the Group 

30 IV A of the Periodic Table of Elements, and halogen radicals: or 
^^5^5-y-x'^x^ ^5 * cyclopentadlenyl ring in which two adjacent 
R-groups are joined forming a C^-Cjo ^^"9 *° 9^^® * polycyclic 
cyclopentadlenyl Hgand such as indenyl and fluorenyl derivatives. 
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"•^'z-l-y) » heteroatoB llgand In which 3 1$ an element 
with a coordination number of three from Group V A or an element with 
a coordination number of two from Group VI A of the Periodic Table of 
Elements, preferably nitrogen, phosphorus, oxygen or sulfur, and each 
R' Is, independently a radical selected from a group consisting of 
CpCjQ hydrocarbyl radicals, substituted C^-Cjq hydrocarbyl 
radicals wherein one or more hydrogen atoms 1$ replaced by a halogen 
atom, and "2" is the coordination number of the element 3; 

each 0 may be independently, hydride. C^-Cg^ hydrocarbyl 
radicals, substituted hydrocarbyl radicals wherein one or more 
hydrogen atoms is replaced by an electron-withdrawing group such as a 
halogen atom, or alkoxlde radical, or Cj-C^q 

hydrocarbyl-substituted metalloid radicals wherein the metalloid is 
selected from the Group IV-A of the Period Table of Elements, 
provided that were any 0 1$ a hydrocarbyl such Q Is different from 
^^5"5-y-x'*x'* ^^^^ ^ together may be an alkylidene, olefin, 
acetylene or a cyclometallated hydrocarbyl. 

"y" is 0 or 1; when "y- Is 1. B is a covalent bridging group 
containing a Group IV A or V A element such as. but not limited to. a 
dialkyl. alkylaryl or diaryl silicon or germanium radical, alkyl or 
aryl phosphine or amine radical, or a hydrocarbyl radical such as 
methylene, ethylene and the like; 

L is a neutral Lewis base such as diethylether. 
tetrahydrofuran, dimethylanillne. aniline, trl methyl phosphine. 
O-butylamlne, and the like; and -w" Is a number from 0 to 3; L can 
25 also be a second transition metal compound of the same type such that 
the two metal centers M and H" are bridged by 0 and 0', wherein N' 
has the same meaning as H and 0' has the same meaning as Q. Such 
compounds are represented by the formula: 



15 



20 
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The second component is an ion-exchange compound comprising 
a cation which will irreversibly react with at least one ligand 

10 contained In said Group IV-B metal compound and a noncoordinating 
anion which is bulky, labile, and stable. Upon combination of the 
first and second components, the cation of the second component 
reacts with one of the ligands of the first component, thereby 
generating an ion pair consisting of a Group IV-B metal cation with 

15 a formal coordination number of 3 and a valence of +4 and the 
aforementioned anion, which anion is compatible with and 
non-coordinating toward the metal cation formed from the first 
component. Illustrative but not limiting examples of cations of the 
second component include Bronstead acids such as amnonlum ions or 

20 reducible Lewis acids such as Ag* or ferrocenium ions. The anion 
of the second compound must be capable of stabilizing the Group IV-B 
metal cation complex without Interfering with the Group IV-B metal 
cation's or its decomposition product's ability to function as a 
catalyst and must be sufficiently labile to permit displacement by 

25 an olefin, diolefin or an acetyl enl call y unsaturated monomer during 
polymerization. 

Catalyst systems of the invention may be prepared by 
placing the -Group IV B transition metal component" and the 
Ion-exchange component In common solution In a normally liquid 

30 alkane or aromatic solvent, which solvent Is preferably suitable for 
use as a polymerization diluent for the liquid phase polymerization 
of an olefin monomer. Suitable catalysts can also be prepared by 
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reacting the components and adsorbing on a suitable support material 
(Inorganic oxides or poljnners, for example) or by allowing the 
components to react on such support. 

A typical polymerization process of the Invention such as 

5 for the polymerization or copolymerlzatlon of ethylene comprises the 
steps of contacting ethylene alone, or with other unsaturated 
monomers Including C^-C^q a-olef1ns, Cj-C^q dioleflns, 
and/or acetyl enlcally unsaturated monomers either alone or In 
combination with other olefins and/or other unsaturated monomers. 

10 with a catalyst comprising. In a suitable polymerization diluent, the 
Group IV B transition metal component Illustrated above; and the 
Ion-exchange activator component In an amount to provide a molar 
transition metal to activator ratio of from about 1:10 to about 200:1 
or more; and reacting such monomer In the presence of such catalyst 

15 system at a temperature of from about -100*C to about 300*C for a 
time of from about 1 second to about 10 hours to produce a 
polyolefin having a weight average molecular weight of from about 
1.000 or less to about 5.000.000 or more and a molecular weight 
distribution of about 1.5 or greater. 

20 DESCRIPTION OF THE PRFFFPPF P EMBODIMgMT 

lOhlC Catalyst Svstm - Gener al Descrlptlnp 

The process of this Invention Is practiced with that class 
of Ionic catalysts prepared by combining at least two components. 
The first of these Is a monocyclopentadlenyl derivative of a Group 

25 IV-B metal compound containing at least one llgand which will 
combine with the second component or at least a portion thereof 
such as a cation portion thereof. The second component 1$ an 
1on--exchange compound comprising a cation which %rtll Irreversibly 
react with at least one llgand contained In said Group IV-B metal 

30 compound and a noncoordlnating anion which Is bulky, labile, and 
stable. Upon combination of the first and second components, the 
cation of the second component reacts with one of the llgands of 
the first component, thereby generating an Ion pair consisting of a 



wo 92/00333 



PCr/US91/04390 



- 8 - 



Group IV-B metal cation with a forma] coordination number of 3 and 
a valence of +4 and the aforementioned anion, which anion is 
compatible with and non-coordinating towards the metal cation 
formed from the first component. The anion of the second compound 
roust be capable of stabilizing the Group IV-B metal cation complex 
5 without interfering with the Group IV-B metal cation's or Its 

decomposition product's ability to function as a catalyst and must 
be sufficiently labile to permit displacement by an olefin, 
diolefin or an acetyl enically unsaturated monnner during 
pol^erization. 

10 A. Catalyst Component 

The Group IV-B transition metal component of the catalyst 
system Is represented by the general formula: 



15 



20 




Wherein: H is Zr, Hf or Ti and is in its highest formal oxidation 
state (■»4. d^ complex); 

^H^S~y-x\^ a cyclopentadlenyl ring which Is 
25 substituted with from zero to five substltuent groups R. "x" is 0, 
1, 2, 3, 4 or 5 denoting the degree of substitution, and each 
substituent group R is. independently, a radical selected from a 
group consisting of C^-Cgo hydrocarbyl radicals, substituted 
*-r^0 ''y<''''ocarbyl radicals wherein one or more hydrogen atoms 
30 Is replaced by a halogen atom. C^-C^q hydrocarbyl-substltuted 

metalloid radicals wherein the metalloid Is selected from the Group 
IV A of the Periodic Table of Elements, and halogen radicals; or 
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^Vs-y-x^x^ « cyclopentadleny] ring In which two adjacent 
R-groups are joined forming a C^-Cjq ring to give a polycycllc 
cyclopentadienyl llgand such as Indenyl and fluorenyl derivatives; 
<JR*2_l.y> Is a heteroaton llgand In which 3 Is an 
5 element with a coordination number of three from Group V A or an 
element with a coordination number of two from Group VI A of the 
Periodic Table of Elements, preferably nitrogen, phosphorus, oxygen 
or sulfur with nitrogen being preferred, and each R' is. 
independently a radical selected from a group consisting of 
10 C^-CgQ hydrocarbyl radicals, substituted C^-C^q hydrocarbyl 
radicals wherein one or more hydrogen atoms is replaced by a 
halogen atom, and "2" is the coordination number of the element J; 

each 0 nay be Independently, hydride. C^-C^ 
hydrocarbyl radicals, substituted hydrocarbyl radicals wherein one 
15 or more hydrogen atoms is replaced by an electron-withdrawing group 
such as a halogen atom, or alkoxide radical, or C^-Cjq 
hydrocarbyl-substituted metalloid radicals wherein the metalloid Is 
selected from the Group IV-A of the Periodic Table of Elements, 
provided that where any 0 is a hydrocarbyl such 0 is different from 
20 <C5H5_y_^Rj,), or both 0 together nay be an alkylidene olefin, 
acetylene or a cyclometallated hydrocarbyl: 

"y" Is 0 or 1; when "y" is 1. B Is a covalent bridging 
group containing a Group IV A or V A element such as. but not 
limited to. a dialkyl. alkylaryl or diaryl silicon or germanium 
25 radical, alkyl or aryl phosphine or amine radical, or a hydrocarbyl 
radical such as methylene, ethylene and the like. Examples of the 
B group which are suitable as a constituent group of the Group IV B 
transition metal component of the catalyst system are Identified In 
Column 1 of Table 1 under the heading «B". 
30 L Is a neutral Lewis base such as diethyl ether. 

tetrahydrofuran. dimethyl aniline, aniline, tri methyl phosphine. 
n-butyl amine, and the like; and -w" Is a number from 0 to 3; L can 
also be a second transition metal compound of the same type such 
that the two metal centers H and H' are bridged by Q and Q*. 



wo 92/00333 



PCT/US91/04390 



- 10 - 



Wherein M' has the same meaning as M and 0* has the same meaning as 
Q. Such compounds are represented by the formula: 




5 Exemplary hydrocarbyl radicals for the 0 are methyl, 

ethyl, propyl, butyl, amyl. Isoamyl, hexyl, isobutyl, heptyl. 
octyl, nonyl. decyl. cetyl. 2-ethyl hexyl , phenyl and the like, with 
methyl being preferred. Exemplary substituted hydrocarbyl radicals 
include trifluoromethyl . pentafluorphenyl , trimethylsllylmethyl , 

10 and trimethoxysllylmethyl and the like. Exemplary hydrocarbyl 
substituted metalloid radicals include tri methyl s i lyl . 
trimethylgermyl. tri phenyl si lyl . and the like. Exemplary 
alkyldlene radicals for both 0 together are methylldene. ethylidene 
and propyl i dene. Examples of the Q group which are suitable as a 

15 constituent group or element of the Group IV B transition metal 
component of the catalyst system are identified In Column 4 of 
Table 1 under the heading "Q". 

Suitable hydrocarbyl and substituted hydrocarbyl radicils, 
which may be substituted as an R group for at least one hydrogen 

20 atom in the cyclopentadlenyl ring, will contain from 1 to about 20 
carbon atoms and include straight and branched alkyl radicals, 
cyclic hydrocarbon radicals. alKyl-substituted cyclic hydrocarbon 
radicals, aromatic radicals and alkyl-substituted aromatic 
radicals. Suitable organometallic radicals, which may be 

25 substituted as an R group for at least one hydrogen atom in the 



wo 92/00333 



PCrAJS91/04390 



11 - 



cyclopentadtenyl ring. Include trimethylsl lyl , tri ethyl si 1y1, 
ethyldlmethylsllyl, methyl d1 ethyl sllyl. trl phenyl gernyl , 
trimethylgennyl and the like. Examples of cyclopentadlenyl ring 
groups <CsH5_y_jjRjj) which are suitable as a constituent group 
5 of the Group IV B transition metal component of the catalyst system 
are Identified In Column 2 of Table 1 under the heading 

Suitable hydrocarbyl and substituted hydrocarbyl radicals, 
which may be substituted as an R* group for at least one hydrogen 
10 atom In the heteroatom J llgand group, will contain from 1 to about 
20 carbon atoms and Include straight and branched alkyl radicals, 
cyclic hydrocarbon radicals, alkyl-substltuted cyclic hydrocarbon 
radicals, aromatic radicals and alkyl-substltuted aromatic 
15 radicals. Examples of heteroatom llgand groups <JR'^ ^ ) which 
are suitable as a constituent group of the Group IV B transition 
metal component of the catalyst system are identified in Column 3 
of Table 1 under the heading WR'^.^.y)- 

Table 1 depicts representative constituent moieties for 
20 the "Group IV B transition metal component", the list Is for 
illustrative purposes only and should not be construed to be 
Uniting in any way. A number of final components may be formed by 
permuting all possible combinations of the constituent moieties 
with each other. Illustrative compounds are: dimethyl si lyltetra- 
25 methyl eye lopentadienyl-lfiii-butyl ami do zirconium dimethyl. 

dimethyl sllyl tetramethylcyclopentadlenvl- tert -butylamldo hafnium 
diethyl. dimethylsHyl-lfint-butylcyclopentadlenvl- tert- butyi- amido 
zirconium dihydride. dimethyl si lyl-ieiii-butyl cyclopenta- 
dlenyl -ieH-butyl ami do hafnium d1 phenyl, dimethyl sllyl trimethyl- 
30 silylcyclopentadienyl-jtfiiit-butylamldo zirconium dihydride. 
dimethyl si lyl tetramethyl cycl opentadi enyl phenyl ami do tl tani urn 
dimethyl . dimethyl si lyl tetramethyl cydopentadl enyl phenylamido 
hafni urn di tolyl . methyl phenyl si lyl tetramethyl cycl opentadi enyl- 
l££i-buty1afflido zirconium dihydride. methylphenylsilyltetra- 
35 nethy1cyc1opentad1enyl-jLe£t-buty1am1do hafnium dimethyl. 
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dimethyl Si lylfluorenyl-cyclohexylanlde titanium dimethyl. 
d1 phenyl genny 11 ndenyl-t-butyl phosphldo dihydrlde. 

methyl phenyl sllyl tetramethyl cyclopentadi enyl-lfiit-butylaml do 
hafnium dimethyl, dlmethylsllyltetramethylcyclopentadlenyl-p-n- 

5 butyl phenyl ami do zirconium dihydrlde. d1 methyl si lyltetramethyl- 
cyclopentadlenyl-p-n-butylphenylamido hafnium dltrl methyl sllyi. 
For Illustrative purposes, the above compounds and those permuted 
from Table 1 do not Include the neutral Lewis base llgand (L). The 
conditions under which complexes containing neutral Lewis base 

10 llgands such as ether or those which form dimers Is determined by 
the steric bulk of the llgands about the metal center. Similarly, 
due to the decreased steric bulk of the 
trimethylsllylcyclopentadlenyl group In 
CMe2S1(Me3SlC5H3)(N-l-Bu)ZrH2]2 versus that of the 

15 tetramethylcyclopentadlenyl group In HejSKMe^CgXH-t-Bu)- 
ZrHj, the former compound Is dimeric and the latter is not. 

Generally the bridged species of the Group IV B transition 
metal compound C"y"-1) are preferred. A preferred method of 
preparing these compounds Is by reacting a cyclopentadlenyl lithium 

20 compound with a 
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dihalo-compound whereupon a lithium hallde salt Is liberated and a 
monohalo substltuent becomes covalently bound to the 
cyclopentadlenyl compound. The so substituted cyclopentadlenyl 
reaction product Is next reacted with a lithium salt of a 
phosphide, oxide, sulfide or amide (for the sake of illustration, a 
lithium amide) whereupon the halo element of the monohalo 
substltuent group of the reaction product reacts to liberate a 
lithium hallde salt and the amine moiety of the lithium amide salt 
becomes covalently bound to the substltuent of the cyclopentadlenyl 
reaction product. The resulting amine derivative of the 
cyclopentadlenyl product is then reacted with an alkyl lithium 
reagent whereupon the labile hydrogen atoms, at the carbon atom of 
the cyclopentadlenyl compound and at the nitrogen atom of the amine 
moiety covalently bound to the substltuent group, react with the 
alkyl of the lithium alkyl reagent to liberate the alkane and 
produce a dilithium salt of the cyclopentadlenyl compound. 
Thereafter the bridged species of the Group IV B transition metal 
compound Is produced by reacting the dilithium salt 
cyclopentadlenyl compound -with a Group IV B transition metal 
preferably a Group IV B transition metal hallde. This procedure 
yields the dichloro-derlvative of the nonocyclopentadlenyl-amido 
Group IV-B compound. The dichlorlde complex is then converted into 
the appropriate hydrocarbyl derivative using the corresponding 
Grignard. lithium, sodium or potassium salt of the hydrocarbyl 
ligand. The procedures used are analogous to those developed for 
alkylating the Group IV-B metallocene complexes (i.e., the bis- 
cyclopentadienyl) systems). 

Unbridged species of the Group IV B transition metal 
compound can be prepared from the reaction of a cyclopentadlenyl 
lithium compound and a lithium salt of an amine with a Group IV B 
transition metal hallde. 

Suitable, but not limiting. Group IV B transition metal 
compounds which may be utilized in the catalyst system of this 
Invention Include those bridged species ("y"-l> wherein the B group 
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bridge Is a dUlkyl, diaryl or alkylaryl sllafie. or nethylene or 
ethylene. Examples of the more preferred species of bridged Group 
IV B transition metal compounds are dimethylsllyl • 
methyl phenyl si 1y1. diethylsllyl . ethyl phenyl si 1y1 . dIphenylsllyK 
3 ethylene or methylene bridged compounds. Host preferred of the 
bridged species are dimethylsllyl, diethylsllyl and 
methyl phenyl si 1y1 bridged compounds. 

Suitable Group IV B transition metal compounds which are 
Illustrative of the unbrldged <"y"-0) species which may be utilized 

10 In the catalyst systems of this Invention are exemplified by 
pentamethy1cyc1opentad1eny1d1-l-buty1phosph1nod1methy1 hafnium; 
pentamethyl eye 1 open tadi enyl dl-i-butyl phosphi nomethyl ethyl hafnium; 
cyc1opentad1eny1-2-methy1butox1de dimethyl titanium. 

To Illustrate members of the Group IV B transition metal 

13 component, select any combination of the species In Table 1. An 
example of a bridged species would be dimethylsllyl- 
cyclopentadi enyl -l-buty1 ami dodlmethyl zirconium; an example of an 
unbrldged species would be cyc1opentad1eny1d1-l-buty1am1dod1hydr1de 
z1 rconlum. 

20 B. The Activator Component 

Compounds useful as an activator component in the prepara- 
tion of the catalyst of this Invention will comprise a cation, 
which may be a Bronsted acid capable of donating a proton, and 
a compatible noncoordlnating anion which anion Is relatively large 

23 (bulky), capable of stabilizing the active catalyst species Cthe 
Group IV-B cation) which Is formed when the two compounds are 
combined and said anion will be sufficiently labile to be displaced 
by oleflnic, dioleflnic and acetyl enlcally unsaturated substrates 
or other neutral Lewis bases such as ethers, nitrlles and the 

30 like. Two classes of compatible non^coordlnatlng anions have been 
disclosed in our European Patent Applications 277.003 and 277,004: 
1) anionic coordination complexes comprising a plurality of 
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lipophilic radicals covalently coordinated to and shielding a 
central charge-bearing metal or metalloid core, and 2) anions 
comprising a plurality of boron atoms such as carboranes. 
metal lacarboranes and boranes. 

In general, activator compounds containing single 
3 anionic coordination complexes which are useful In this invention 
may be represented by the following general formula: 

10 Hherein: 

L' is a neutral Lewis base; 
H is a hydrogen at(»i; 
CL'-H] is a Bronsted add; 

M' Is a metal or metalloid selected from the Groups 
15 subtended by Groups V-B to V-A of the Periodic Table of the 

Elements: I.e.. Groups V-B, VI-B. VII-B. VIII. I-B, II-B. III^. 
IV-A. and V-A; 

to are selected. Independently, from the 
Group consisting of hydride radicals, dialkylamido radicals. 

20 alkoxide and aryloxide radicals, hydrocarbyl and 

substituted-hydrocarbyl radicals and organometallold radicals and 
any one, but not more than one. of to may be a halide 
radical, the remaining to being. Independently, 
selected from the foregoing radicals; 

25 m is an Integer from 1 to 7; 

n Is an Integer from 2 to 8; and n m « d. 
As Indicated above, any metal or metalloid capable of 
forming an anionic complex which is stable in water may be used or 
contained in the anion of the second compound. Suitable metals. 

30 then, include, but are not limited to. aluminum, gold, platinum and 
the like. Suitable metalloids Include, but are not limited to. 
boron, phosphorus, silicon and the like. Compounds containing 
anions which comprise coordination complexes containing a single 
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metal or metalloid atom are. of course, well known and many, 
particularly such compounds containing a single boron atom In the 
anion portion, are available commercially* In light of this, salts 
containing anions comprising a coordination complex containing a 
5 single boron atom are preferred. 

The preferred activator compounds comprising boron may be 
represented by the following general formula: 

5A. CL'H]*CBAr/r^X^X^]- 

10 Hherein: 

L' Is a neutral Lewis base; 
H Is a hydrogen atom; 
[L'-H3* Is a Bronsted acid; 
Bis boron In a valence state of 3; 
15 Ar^ and Ar^ are the same or different 

aromatic or substituted-aromatlc hydrocarbon radicals containing 
from about 6 to about 20 carbon atoms and may be linked to each 
other through a stable bridging group; and 

and are radicals selected, 
20 Independently, from the group consisting of hydride radicals, 
hallde radicals, with the proviso that X^ and X^ will not 
be hallde at the same time, hydrocarbyl radicals containing from 1 
to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein 
one or more of the hydrogen atoms Is replaced by a halogen atom. 
23 containing from 1 to about 20 carbon atoms, hydrocarbyl -substituted 
metal Corganometallold) radicals wherein each hydrocarbyl 
substitution contains from 1 to about 20 carbon atoms and said 
metal Is selected from Group IV-A of the Periodic Table of the 
Elements and the like. 
30 In general, Ar^ and Ar^ may, independently, be any 

aromatic or substltuted-arcmtic hydrocarbon radical containing 
from about 6 to about 20 carbon atoms. Suitable aromatic radicals 
Include, but are not limited to, phenyl, naphthyl and anthracenyl 
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radicals. Suitable substltuents on the substltuted-aromatic 
hydrocarbon radicals* Include, but are not necessarily United to, 
hydrocarbyl radicals, organometallold radicals, alkoxy radicals, 
alkylamldo radicals, fluoro and f 1 uorohydrocarbyl radicals and the 

5 like such as those useful as and X^. The substltuent may 

be ortho, meta or para, relative to the carbon atoms bonded to the 
boron atom. Hhen either or both X^ and X^ are a 
hydrocarbyl radical, each may be the same or a different aromatic 
or substltuted-aromatic radical as are Ar^ and Ar^, or the 

10 same may be a straight or branched alkyl, alkenyl or alkynyl 
radical having from 1 to about 20 carbon atoms, a cyclic 
hydrocarbon radical having from about 5 to about 8 carbon atoms or 
an alkyl-substituted cyclic hydrocarbon radical having from about 6 
to about 20 carbon atoms. X^ and X^ may also, 

15 Independently, be alkoxy or di alkyl ami do radicals wherein the alkyl 
portion of said alkoxy and dialkylamido radicals contain from 1 to 
about 20 carbon atoms, hydrocarbyl radicals and organometallold 
radicals having from 1 to about 20 carbon atoms and the like- As 
Indicated above. Ar^ and Ar^ may be linked to each other. 

20 Similarly, either or both of Ar^ and Ar^ could be linked to 
either X^ or X^. Finally. X^ or X^ may also be 
linked to each other through a suitable bridging group- 
Illustrative, but not limiting, examples of boron 
compounds which may be used as an activator component in the 

25 preparation of the Improved catalysts of this Invention are 
trt alkyl -substituted ammonium salts such as tri ethyl amnonl urn 
tetra(pheny1)boron, tri propyl ammonium tetra(phenyl)boron, 
tri(n-butyl)ammonium tetraCphenyDboron, tri methyl ammonium 
tetra(p-tolyl)boron, tri methyl ammonium tetra(o-to1yl)boron, 

30 tri butyl ammonium tetra(pentafluorophenyl)boron, tri propyl amnonl um 
tetra(o , p-di methyl phenyl } boron , tri butyl ammoni um 
tetra(m,m-d1methy1 phenyl }boron, tri butyl ammonium 
tetra(p-tr1«»f 1 uoromethyl phenyl )boron , tri (n-butyl )ammon1 um 

35 tetraCo-tolyDboron and the like; N,N-d1 alkyl anlllnium salts such 
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as N, N-dl methyl anillnl urn tetraCpentafluoro phenyDboron. 
N • N-dl ethyl ani 1 1 n1 urn te traCpheny 1 ) boron , 

N»N-2,4»6*pentamethy1an111n1um tetraC phenyl) boron and the like; 

dlalkyl ammonium salts such as did -propyl) ammonium 
5 tetra(pentaf1uoropheny1)boron, dicyclohexylammonlum 

tetra(pheny1)boron and the like; and triaryl phosphonlum salts such 

as triphenylphosphonlum tetra( phenyl) boron* 

tri (methyl phenyl )phosphon1 urn tetra(pheny1)boron« 

tr1(d1methy1pheny1)phosphon1um tetra( phenyl) boron and the like. 
10 Similar lists of suitable compounds containing other 

metals and metalloids which are useful as activator components may 

be made, but such lists are not deemed necessary to a complete 

disclosure. In this regard. It should be noted that the foregoing 

list is not Intended to be exhaustive and that other useful boron 
15 compounds as well as useful compounds containing other metals or 

metalloids would be readily apparent to those skilled In the art 

from the foregoing general equations. 

Activator components based on anions which contain a 

plurality of boron atoms may be represented by the following 
20 general formulae: 

6. tL*.H3^t(a)j)<M"X*)^X'^3^" 

7. tf-H]^[[C(0(3)^.(M"X^)„.(X5)|^J^'32**'**^*'" 

25 wherein [L*-H] Is a cation, e.g., H^, ammonium or a substituted 

ammonium cation having up to 3 hydrogen atoms replaced with a 
hydrocarbyl radical containing from 1 to about 20 carbon atoms or a 
substltuted-hydrocarbyl radical, wherein one or more of the hydrogen 
atoms Is replaced by a halogen atom, containing from 1 to about 20 

30 carbon atoms, phosphonlum radicals, substltuted-phosphonlum 

radicals having up to 3 hydrogen atoms replaced with a hydrocarbyl 
radical containing from 1 to about 20 carbon atoms or a 
substltuted-hydrocarbyl radical, wherein 1 or more of the hydrogen 
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1**carbadodecaborate, d1 phenyl ammonium 1-carbadodecaborate, 
d1(p-to1y1}ammon1um 1-carbadodecaborate and the like; 
trihydrocarbyl-substltuted ammonium $a1t$ such as tri methyl ammonium 
l-carbadodecaborate* tri ethyl ammonium 1-carbadodecaborate» 
5 tri propyl -ammonium 1-carbadodecaborate» trl(n-butyl) ammonium 
1-carbadodecaborate, tri phenyl ammonium 1-carbadodecaborate, 
tr1(p-to1yl)ammon1um 1-carbadodecaborate. N,N-*d1methy1an111n1um 
1-carbadodecaborate, N.N-d1ethy1an111n1um 1-carbadodecaborate and 
the like. 

10 Illustrative, but not limiting examples of second compounds 

corresponding to Formula 5 [using tr1(n-buty1)ammon1um as an 
Illustrative, but not limiting, counterlon for the anions listed 
below] are salts of anions such as b1s[tr1(n-buty1)ammon1um] 
nonaborate, b1s[tr1(n-butyl)ammon1um]decaborate, blsCtrUn-butyl) 

X5 ammonium] undecaborate, blsCtrKn-butyDammonlum] dodecaborate, 

b1 s [ tri (n-butyl )ammon1 um]decachl orodecaborate, tri (n-butyl)ammonl urn 
dodecachlorododecaborate, tr1(n*buty1)ammon1um 1-carbadecaborate. 
trl(n-butyl) ammonium 1-carbaundecaborate, tri (n-butyl) ammonium 
1-carbadodecaborate, tri (n-butyl ) ammonium 

20 l-tr1methy1 si ly1-l-carbadecaborate, tri (n-butyl)ammonluB 

d1bromo*l-carbadodecaborate and the like; borane and carborane 
complexes and salts of borane and carborane anions such as 
decaborane (1 4) , 7 , 8-d1 carbaundecaborane( 1 3) , 
2,7-d1carbaundecaborane(13>, 

25 undecahydr 1 do-7 , 8-d1 methyl -7 , 8-d1 carbaundecaborane , 

dodecahydr1do-1 1 -methyl -2 •7-d1-carbaundecaborane» tr1(n-butyl> < 
ammonium undecaborate(14), tri (n-butyl) ammonium 
6-carbadecaborate(12) . tri (n-butyl )ammon1um 7-carbaundecaborateC13) , 
tri (n-butyl) ammonium 7,8-d1carbaundecaborate(12), 

30 tri ( n-butyl )ammon1 um 2 , 9-d1 carbaundecaborate (12), 

tri (n-butyl )ammon1 um dodecahydr 1 do-8-methyl-7 , 9-d1 carbaundecaborate , 
tri (n-butyl )ammon1um undecahydr 1do-8-ethyl -7, 9-d1 carbaundecaborate, 
tri (n-butyl ) ammoni um undecahydrl do-8-butyl-7 , 9-d1 carbaundecaborate , 
tri (n-butyl )ammon1um undecahydrl do-8-al lyl-7,9-d1 carbaundecaborate. 
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tri ( n-butyl )ainnon1 um 

undecahydr1do-9-tr1 methyl si lyl-7 ,8-di carbaundecaborate, 

tri ( n-butyl )aninon1um undecahydr1do-4.6-d1bromo-7-carbaundecaborate 

and the like; boranes and carboranes and salts of boranes and 

5 carboranes such as 4-carbanonaborane(14)» 1 •3-d1carbanonaborane(13), 
6,9-d1carbadecaborane(14), 
dodecahydr1do-1-pheny1-1,3-d1carbanonaborane. 
dodecahydr 1 do-1 -methyl -1 . 3-di carbanonaborane . 
undecahydr1do-1,3-d1methy1-1,3-d1carbanonaborane and the like. 

10 Illustrative^ but not limiting, examples of second 

compounds corresponding to Formula 7 [using tri (n-butyl) ammonium as 
an Illustrative, but not limiting, counterlon for the anions listed 
below] are salts of metal lacarborane and metal laborane anions such 
as tri (n-butyl }ammon1um b1s(nonahydr1do-l ,3-d1carbaunaborato) 

X5 cobaltate(III), trlCn-butyDannonlum 

b1 s(undeca-hydr1 do-7 , 8-d1 carbaundecaboratof errate(III) , tri (n-butyl ) 
airanonluro b1$(undecahydrido-7,8-d1carbaundecaborato)cobaltate(III), 
tri (n-butyl )ainmon1um b1s(undecahydr1do-7,8-d1carbaunaborato) 
nlkelate(III), tri (n-butyl) ammonium b1s(nonahydr1do-7, 

20 8-d1methyl 1-7,8-d1carbaundecaborato)f errate(III) , 
tri C n-butyl )anmon1 um 

b1s(nonahydr1do-7,8-d1methyl1-7,8-d1carbaundecaborato)chromate(III), 
tri (n-butyl )ainmon1um 

b1s(tr1bromooctahydr1do-7,8-d1carbaundecaborato)cobaltate(III), 
25 tri (n-butyl )ammon1um bls(dodecahydrldodlcarbadodecaborato) 
cobaltate(III). tri sitrl (n-butyl )ammon1um] bis 
( undecahydrl do-7-carbaundecabora to) chromate (III). blsCtrU n-butyl ) 
ammonl um] b1 s(undecahydr1do-7-carbaundecaborato)manganate(IV) , 
b1 s C tri (N-butyl )ammon1 um] b1 s(undecahydr1 do-7-carbaundecaborato) 
30 cobaltate(III), b1s[tr1 (n-butyl) ammonium] 

b1s(undecahydr1do-7-carbaundecaborato) nlckelate(IV) and the like. 
A similar list of representative phosphonlum compounds can be 
recited as Illustrative second compounds, but for the sake of 
brevity. It Is simply noted that the phosphonlum and 
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substltuted-phosphonlum salts corresponding to the listed annonluin 
and substltuted-amnonlum salts could be used as second compounds In 
the present Invention. 

Process of Catalyst Preparation 
5 The catalyst systems employed In the method of the 

invention comprise a complex formed upon admixture of the Group IV-B 
transition metal component with the activator component. The 
catalyst system may be prepared by addition of the requisite Group 
IV*B transition metal and activator components to an Inert solvent 
10 In which olefin polymerization can be carried out by a solution 
polymerization procedure* 

The catalyst system may be conveniently prepared by placing 
the selected Group IV-B transition metal component and the selected 
activator component. In any order of addition. In an alkane or 
15 aromatic hydrocarbon solvent ~ preferably toluene. The catalyst 
system may be separately prepared. In concentrated form, and added 
to the polymerization diluent In a reactor. Or, If desired, the 
components of the catalyst system may be prepared as separate 
solutions and added to the polymerization diluent In a reactor. In 
20 appropriate ratios, as Is suitable for a continuous liquid 

polymerization reaction procedure. Alkane and aromatic hydrocarbons 
suitable as solvents for formation of the catalyst system and also 
as a polymerization diluent are exemplified by, but are not 
necessarily limited to, straight and branched chain hydrocarbons 
25 such as Isobutene, butane, pentane, hexane, heptane, octane and the 
like, cyclic and all cyclic hydrocarbons such as cyclohexane, 
cycloheptane, methylcyclohexane, methyl eye Icheptane and the like, 
and aromatic and alkyl-substltuted aromatic compounds such as 
benzene, toluene, xylene and the like. Suitable solvents also 
30 Include liquid olefins which may act as monomers or comonomers 
Including ethylene, propylene, butene, 1-hexene and the like. 

In accordance with this Invention optimum results are 
generally obtained wherein the Group IV-B transition metal compound 
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is present In the polymerization diluent in concentration of froa 
about 0.01 to about 1.0 nillinoles/liter of diluent and the 
activator component 1$ present In an amount to provide a molar ratio 
of the transition metal to activator component from about 1:1 to 
about 200:1. Sufficient solvent should be employed so as to provide 
adequate heat transfer away from the catalyst components during 
reaction and to permit good mixing. 

The catalyst system ingredients — that is. the Group IV-B 
transition metal and activator components, and polymerization 
diluent can be added to the reaction vessel rapidly or slowly. The 
temperature maintained during the contact of the catalyst components 
can vary widely, such as. for example, from -10* to 300'C. Greater 
or lesser temperatures can also be employed. Preferably, during 
formation of the catalyst system, the reaction is maintained within 
a temperature of from about 25* to 100*C. most preferably about 25»C. 

At all times, the Individual catalyst system components, as 
well as the catalyst system once formed, are protected from oxygen 
and moisture. Therefore, the reactions are performed in an oxygen 
and moisture free atmosphere and. where the catalyst system Is 
recovered separately. It 1$ recovered In an oxygen and moisture free 
atmosphere. Preferably, therefore, the reactions are performed In 
the presence of an inert dry gas such as. for exaiq>1e. helium or 
nitrogen. 

The CatalY5t Systpm; rharacteri7ation and Pmno^ t i** «f f\rr*"r 

site 

The reaction of the two catalyst components can be viewed as a 
simple acid-base reaction where the Q--11gand bound to the transi- 
tion metal center of (CN)HQ2 (where (CN) - Cp and J-ligands) re- 
acts^ wlth^ the cation of the second component, which may be acidic, 
CL'H*3CA]~ (where A" is the non-coordinating anion), to give 
the ionic catalyst U(CH)M0*CA]" and neutral biproducts 0-H and 
f. The overall catalytic performance of the catalyst depends on 
the choice of metal, the specific (CN}-ligand set. the structure and 
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Stability of A*, and the coordinating ability of the cation or 
Lewis base L* . For conventional applications where a high 
productivity homopolymerization or random copolymerizatlon 
catalyst Is desired, the cation Is a proton donor and the Q-llgand 
of the transition metal component is chosen so that: 1) 

^ the metal complex Is easy to prepare and Is low cost. 2) (CN}HQ2 
is sufficiently basic to deprotonate the acidic cation of the 
activator component, and 3) Q-H Is an unreactlve biproduct such as 
an alkane so that the activation reaction is Irreversible. For a 
particular (CN)H-$ystem the L' and A** portions of the activator 

1^ component "tune" the stability and overall performance of the 

catalyst system. The ability of L* and A" to modify the behavior 
of a catalyst site increases the versatility of the polymerization 
system which is an important advantage over conventional methods of 
activation (e.g. methyl alumoxane, and other aluminum alkyi 
cocatalysts). 

In general* and while most transition metal components 
identified above may be combined with most activator components 
identified above to produce an active olefin polymerization 
catalyst, it Is Important for continuity of the polymerization 
operations that either the metal cation initially formed from the 
first component or a decomposition product thereof be a relatively 
stable catalyst. It Is also Important that the anion of the 
activator compound be stable to hydrolysis when an ammonium salt Is 
used. Further, it is Important that the positive charge 
25 of the activator component be sufficient, relative 
to the metal component, to facilitate the needed 
cation, e.g., proton transfer. Activator compounds 
containing aryl -ammonium salts such as N.N-dimethylanllium are more 

acidic than trialkyl ammonium salts and therefore are useful with a 
wider variety of transition metal components. The basicity of the 
metal complex must also be sufficient to facilitate the needed 
proton transfer. In general, transition metal compounds which can 
be hydrolyzed by aqueous solutions can be considered suitable as 
metallocene components to form the catalysts described herein, 
Hith respect to the combination of the transition metal 
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component with the activator component to form a catalyst of this 
Invention, It should be noted that the two compounds combined for 
preparation of the active catalyst must be selected so as to avoid 
transfer of a fragment of the anion to the metal cation, thereby 

5 forming a catalytlcally Inactive species. This could be done by 
steric hindrance, resulting from substitutions on the Cp- and/or 
J-llgands of the first component, as well as substitutions on the 
non-coordinating anion. 

As the amount and size of the substitutions on the 

10 transition metal components are reduced, more effective catalysts 
are obtained with activator compounds containing non-coordinating 
anions which are larger In size and more resistant to degradation. 
In the case where the non-coordinating anion Is an anionic 
coordination complex, such as a tetraphenyl boron derivative, 

15 substitutions on the phenyl rings can be used to prevent the 

transfer of a proton or an entire phenyl group from the anion to the 
metal. This can be accomplished by alkyl substitution In the ortho 
positions of the phenyl groups, or, more preferably, by 
perfluoro-substltutlons on the anion. Thus, anionic coordination 

20 complexes containing perfluorphenyl-, trifluoromethyl phenyl-, or 
bis-trlfluormethyl phenyl rings are preferred for this subgenus of 
activator components. Nhen the non-coordinating anion contains a 
plurality of boron atoms as described In general formulae 6 and 7, 
more effective catalysts are obtained with activator compounds 

25 containing larger anions, such as those encompassed by Equation 7 
and those having larger m values In Equation 6. In these cases It 
Is further preferable when using second compounds which are 
encompassed by Equation 6, that a b c « 2. Second compounds In 
which a ♦ b 4> c • even-numbered Integers of 4 or more have acidic 

30 B-H-B moieties which can react further with the metal cation formed, 
leading to catalytlcally Inactive compounds. 

Several new compositions of matter have been Identified 
using high field NHR spectroscopy. The reaction between 
Me2S1CHe4C3>(N-t-Bu>ZrHe2 and CDHAH] CB(pf p)^] (where DHAH 
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• PhHejNH^ and pfp - C^F^) In d -toluene produces a two 
phase system. The top layer Is largely d^- toluene with only a 
very small amound of DMA (DMA - PhNMe^} present. The lower layer 
contains the Ionic catalyst and d -toluene. The high field C 
NMR spectrum of the lower layer suggests the reaction proceeds to 
give the DMA-adduct as shown below. 




The NMR data clearly suggest that the amine Is Indeed coordinated to 
the zirconium atom» but that It Is fluxlonal and probably has two 
orientations of coordination, most likely In the form of rotational 
isomers. The Ionic catalysts species can be crystallized out at 
-40*C giving a pale powder. The solid state NMR spectrum of this 
material revealed amine coordination to the zirconium atom with more 
than one orientation. Addition of d -thf Cthf - tetrahydrofuran) 
to the catalyst solution or solid produces the d -thf adduct, 
tHe2Si(Me4C5)(N-t-Bu)ZrMe(d®.thf)jj]CB(pfp)4] and free 
DMA. This was expected since d^-thf is a much stronger base than 
DMA. 

Ion-exchange activators with different basicities have also 
been Investigated. An amine which Is a stronger base than mA» such 
as DMT (MejN-p-Me-Ph) provides complete coordination to the 
zirconium atom with no fluxlonality. This catalyst was produced 
from the reaction of [DMTHlCBCpfp)^] with 
Me2Si(Me4C5)(N-t-Bu)ZrMe2. Very little, if any. free DMT 
was observed In the ^^C NMR spectrum of the catalyst solution. 
The use of CBUjNHltBCpfp)^] as the activator provided a more 
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Interesting result. It appears that when Cn-BUjMWtBCpfp)^] 1$ 
reacted with Me2Si(Me^C5)<H.t.Bu)ZrHe2. the amine does not 
coordinate to the zirconium atom as Illustrated In the equation 
below. 




5 The fact that the amine Is not coordinated to the metal 1$ evidenced 
by the fact that the chemical shift of the amine signals are 
unchanged from free-aralne. From a purely electronic point of view 
one would predict that BU3N would be a better llgand for the 
cationic metal center than DMA. The reverse Is the case in this 

10 system indicating that steric forces dominate the coordination 
chemistry. The observation of two Cp-methyl signals and one 
MejSUslgnal suggests that the cation is a syinnetrlc three 
coordinate cation and that anion and the amine llgand to not 
coordination strongly with the metal to destroy the plane of 

15 symmetry through the metaU the Cp-centroid, and the silicon atom. 
The reaction of He2Si(Me^C^)(N-t-Bu)ZrHe2 with 
CDMAH3[(C2BgH,j)2Co] was also investigated by high field 
NHR. In this case the amine. OKA. Is not coordinated to the metal. 
The fact that one observes four Cp-methyl signals and two HejSI 

20 signals in the '^C NMR spectrum suggests that the metal lacarborane 
Is coordinated to the metal center. This Is consistent with Its 
high solubility and low activity relative to the BCpfp)^ system. 

Polvmerig^tlon Procffsii 

In a preferred embodiment of the process of this Invention 
25 the catalyst system Is utilized In a liquid phase polymerization of 
an olefin monomer. The liquid phase process comprises the steps of 
contacting an olefin monomer with the catalyst system In a suitable 
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polymerization diluent and reacting said nonomer In the presence of 
said catalyst system for a time and at a temperature sufficient to 
produce a polyolefln. 

The monomer for such process may comprise ethylene alone, 
for the production of a homopolyethylene, or ethylene In combination 
with an a-o1ef1n having 3 to 18 carbon atoms for the production of 
an ethyl ene-a-olef in copolymer. Conditions most preferred for the 
homo- or copolymerlzatlon of ethylene are those wherein ethylene is 
submitted to the reaction zone at pressures of from about 0.019 psi 
to about 50.000 psi and the reaction temperature Is maintained at 
from about -lOO'C to about 300*C. preferably -10* to 220'C. The 
mole ratio of transition metal component to activator component 1$ 
preferably from about 1:1 to about 200:1. The reaction time Is 
preferably from about 1 second to about 1 hour. 

Hithout limiting In any way the scope of the Invention, one 
means for carrying out the process of the present invention Is as 
follows: in a stirred-tank reactor liquid 1-butene monomer Is 
introduced. The catalyst system 1$ introduced via nozzles in either 
the vapor or liquid phase. Feed ethylene gas is introduced either 
Into the vapor phase of the reactor, or sparged Into the liquid 
phase as Is well luiown In the art. The reactor contains a liquid 
phase composed substantially of liquid 1-butene together with 
dissolved ethylene gas. and a vapor phase containing vapors of all 
monomers. The reactor temperature and pressure may be controlled 
via reflux of vaporizing a-olefin monomer (autorefrigeration). as 
well as by cooling colls, jackets, etc. The polymerization rate Is 
controlled by the rate of catalyst addition, or by the concentration 
of catalyst. The ethylene content of the polymer product Is 
determined by the ratio of ethylene to 1-butene in the reactor, 
which is controlled by manipulating the relative feed rates of these 
components to the reactor. 



Examnlgs 

In the examples which Illustrate the practice of the 
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cyclopentadlenyl compounds are typically prepared from the 
corresponding cyclopentadlenyl llgand and Bull or MeL1« or by 
reaction of MeLI with the proper solvene. ZrCl^ and HfCl^ were 
purchased from either Aldrlch Chemical Company or Cerac. Amines* 
sllane and lithium reagents were purchased from Aldrlch Chemical 
Company or Petrarch Sys terns • Activator components were prepared by 
known literature methods. 

EXAMPLES 

Synthesis of Mono-CvcloDentadlenv l Comnleifes 
1. He2S1(C5Me4)(N-l-Bu>ZrMe2 

Part I. Me^HCgLI (10.0 g, 0,07S mol) was slowly added 
to a MegSIClg (11.5 ml, 0,095 mol, in 225 ml of tetrahydrofuran 
(thf) solution). The solution was stirred for 1 hour to assure 
complete reaction. The thf solvent was then removed via a vacuum to 
a cold trap held at -196*C. Pentane was added to precipitate out 
the Li 01. The mixture was filtered through Cellte. The solvent was 
removed from the filtrate. Me^HCgSiMejCl (15.34 g. 0.071 mol) 
was recovered as a pale yellow liquid. 

Part 2. Me^HCgSiMegCl (10.0 g. 0.047 mol) was slowly 
added to a suspension of L1HN-1-Bu (3.68 g, 0.047 ino1» HOO ml 
thf). The mixture was stirred overnight. The thf was then removed 
via a vacuum to a cold trap held at -196*C. Petroleum ether (HOO 
ml) was added to precipitate out the Li CI- The mixture was filtered 
through Cellte. The solvent was removed from the filtrate. 
Me2S1(Me4HC5)(HN*l-Bu) (11.14 g, 0.044 mol) was Isolated as a 
pale yellow liquid. 

Part 3. Me2S1(Me4HC5)(HN-t-Bu) (11.14 g. 0.044 mol) 
was diluted with HOO ml Et20. MeLI (1.4 64 ml, 0.090 mol) 
was slowly added. The mixture was allowed to stir for 1/2 hour 
after the final addition of MeLi. The ether was reduced In volume 
prior to filtering off the product. The product, 
[Me2S1(Me4Cg)(N-i-Bu)]Ll2. was washed with several small 
portions of ether, then vacuum dried. 
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Part 4. CMe2SUMe^C5)(N-l~Bu)]Li2 (3.0 g, 0,011 
mol) was suspended in H50 ml EtjO. ZrCI^ (2.65 g. 0.011 mol) 
was slowly added and the resulting mixture was allowed to stir 
overnight. The ether was removed via a vacuum to a cold trap held 

5 at -196*C. Pentane was added to precipitate out the L1C1. The 
mixture was filtered through Cellte twice. The pentane was 
significantly reduced In volume and the pale yellow solid was 
filtered off and washed with solvent. 
Me2S1(Me^C5)(N-l-Bu)ZrCl2 CI. 07 g. 0.0026 mole) was 

10 recovered. Additional Me2S1(Me^C5)(N-i-Bu)ZrCl2 was 

recovered from the filtrate by repeating the recrystallizatlon 
procedure. Total yield. 1.94 g, 0.0047 mol). 

Part 5. Me2S1<CgMe^)(N~±-Bu)2rHe2 was prepared by 
adding a stoichiometric amound of MeLI (1.4 M in ether) to 

15 Me2S1(C5He^)(H-l-Bu)ZrCl2 suspended In ether. The white 
solid was Isolated In an 831 yield. 

2. MePhSi (C5Me4)(H-l-Bu)HfMe2 

Part 1. MePhS1Cl2 (14.9 g. 0.078 mol) was diluted with 
-250 ml of thf. He^CgHLI (10.0 g« 0.078 mol) was slowly added 

20 as a solid. The reaction solution was allowed to stir overnight. 
The solvent was removed via a vacuum to a cold trap held at -196*C. 
Petroleum ether was added to precipitate out the LiCI. The mixture 
was filtered through Cellte, and the pentane was removed from the 
filtrate. HePhSi(Me4C5H)Cl (20.8 g. 0.075 mol) was isolated as 

2^ a yellow viscous liquid. 

Part 2. LIHN-l-Bu (4.28 g. 0.054 mol) was dissolved In 
-100 ml of thf. HePhS1(Me4C5H)Cl (15.0 g, 0.054 mol) was 
added drop wise. The yellow solution was allowed to stir 
overnight. The solvent was removed via vacuum. Petroleum ether was 

30 added to precipitate out the LiCI. The mixture was filtered through 
Cellte, and the filtrate was evaporated down. 
HePhS1(He4CjH)(NH-l-Bu) (16.6 g. 0.053 mol) was recovered as an 
extremely viscous liquid. 
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Part 3. HePhS1(He4C3H)(NH.l.Bu) (16.6 g, 0.053 no1> 
was diluted with HOO ml of ether. HeLI (76 ml. 0.106 mol, 1.4 M) was 
slowly added and the reaction mixture was allowed to stir for --3 
hours. The ether was reduced In volume, and the lithium salt was 

5 filtered off and washed with pentane producing 20-0 g of a pale 
yellow solid formulated as Li2i;MePhS1(He^C5)(H-l-Bu)3*3/4Et20. 

Part 4. Ll2CMePhS1(Me4C5)(H-l-Bu)]*3/4Et20 (5.00 
g» 0.0131 mol) was suspended in -100 ml of Et20. HfCl^ (4.20 
g, 0.0131 mol) was slowly added and the reaction mixture was allowed 

10 to stir overnight. The solvent was removed via vacuum and petroleum 
ether was added to precipitate out the L1C1. The mixture was 
filtered through Cellte. The filtrate was evaporated down to near 
dryness and filtered off. The off white solid was washed with 
petroleum ether. MePhS1(Me4C5>(N-l-Bu)HfCl2 was recovered 

15 (3.54 g. 0.0058 mole). 

Part 5. MePhS1(Me^C5)(N.i-Bu)HfMe2 was prepared by 
adding a stoichiometric amount of MeLi (1.4 M In ether) to 
MePhS1(Me^C5)(N-l-Bu)HfCl2 suspended In ether. The white solid 
could be Isolated in near quantitative yield. 

20 pQtYMERIZATtQNS 
Example 1. 

A catalyst solution prepared from 19.7 mg of 
Me2S1(Me^C5)(N-t-Bu)ZrMe2 and 6 rog of CDMAH] CB(pfp)^] in 
20 mis of toluene was added to a 1 liter stainless-steel autoclave 
2^ containing 400 mis of hexane. The reactor temperature was 

maintained at 40*C and stirred vigorously while ethylene was added 
at 90 psi. After 30 minutes the reaction was stopped giving 30 
grams of HOPE after work-up. The GPC analysis showed a biroodal 
distribution with nodes centered at 900,000 and 2»000. 

30 Example 2- 

A catalyst solution prepared from 28.6 mg of 
He2Si(He4Cg)(N*t-Bu)ZrHe2 and 9 mg of [DMAH] CB(pfp)]^ in 
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20 mis of toluene was added to a 1 liter sta1n1e$$*stee1 autoclave 
containing 400 mis of hexane. The reactor temperature was set at 
50*C and was stirred vigorously while 100 mis of butene and 60 psi 
of ethylene were added. Following the addition of butene and 
^ ethylene, an Instantanlous Increase In temperature to 90*C was 
observed. After 30 minutes the reaction was stopped, yielding 130 
grams of a waxy ethyl en e-butene copolymer. GPC analysis showed a 
bimodal distribution with modes centered at 27,000 and 2.000 In 
approximately equal ratios. IR spectroscopy showed the presence of 
butene In the copolymer. 

Example 3. 

A catalyst solution prepared from 40 mg of 
HePhS1CC5Me^)<N-l-Bu>HfMe2 and 11 mg of C0MAH]tB(pfp^3 In 20 
mis of toluene was added to a 1 liter autoclave containing 400 mis 
15 of hexane. The reactor temperature was set at 40*C, stirred 

vigorously and pressurized with ethylene (90 psi) for 15 minutes. 
The reactor temperature Increased from 40 to 97*C during the 
polymerization. The reactor was stopped and 98 grams of 
polyethylene was Isolated having a Mw • 47.7IC and a MHO -3.0. 

20 Example 4. 

A catalyst solution prepared from 50 mg of 
He2S1CC5Me^)(H-l-Bu)ZrMe2 and 68 mg of C0MAH]C(C2BgH„)2Co] 
in 20 mis of toluene was added to a 1 liter autoclave containing 400 
mis of hexane. The reactor temperature was set at 60^C, stirred 

2^ vigorously and pressurized with ethylene (120 psi) for 60 minutes. 
The reactor was stopped and 0.44 grams of polyethylene was Isolated 
having a Mw-S38IC and a HMD » 1.90. 
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1. A catalyst system for the production of polyoleflns 
comprising: 

A. a Group IV-B transition metal coo^onent of one of the 
two general formulae 

^^S^S-y-x*!^ 




««'z-l-y> 
I. 



*^5"5-y-x*i* 



""•z-l-y> 



^«'z.l.y> 




^Vs-y-x^x^ 



wherein M Is 2r. Hf or T1 and Is In its highest formal oxidation 
state (♦4. d° complex); 

^^5**5-y-x'^x^ ^5 * cyclopentadienyl ring which is 
substituted with from zero to five radical R groups, "x" is 1, 2.3. 
4 or 5 denoting the degree of substitution, and each R 1$, and each 
substltuent group R is. independently, a radical selected from a 
group consisting of C^-Cjq hydrocarbyl radicals, substituted 
C^-CgQ hydrocarbyl radicals wherein one or more hydrogen atoms 
is replaced by a halogen atom, C^-Cjq hydrocarbyl -substituted 
metalloid radicals wherein the metalloid is selected from the Group 
IV A of the Periodic Table of Elements, and halogen radicals; or 
^^S-y-x^x^ Is a cyclopentadlenly ring In which two adjacent 
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R-groups are joined forming a C^-Cjq ring to give a polycycllc 
cyclopentadlenyl llgand; 

(JR^^^^y) is a heteroaton llgand In which J Is an 
element In with a coordination number of three from Group V-A or an 
5 element with a coordination number of two from Group VI *A of the 
Periodic Table of Elements, and each R' is. Independently a radical 
selected from a group consisting of C^-Cjg hydrocarbyl radicals, 
substituted C^^-Cjq hydrocarbyl radicals wherein one or more 
hydrogen atoms Is replaced by a halogen atom, and "z" Is the 

10 coordination number of the element J; 

each Q may be Independently, hydride, Ci^-Cjq 
hydrocarbyl radicals, substituted hydrocarbyl radicals wherein one 
or more hydrogen atoms Is replaced by an electron-withdrawing group 
such as a halogen atom, or alkoxide radical, or C^-Cjq 

15 hydrocarbyl -substituted metalloid radicals wherein the metalloid Is 
selected from the Group IV-A of the Periodic Table of Elements, 
provided that where any Q Is a hydrocarbyl such Q Is different from 
^^5**5-y*x'^x^' ^^^^ ^ together may be an alkylldene. olefin, 
acetylene or a cyclometallated hydrocarbyl; 

20 "y* Is 0 or 1; when ""y* Is 1, B Is a covalent bridging 

group containing a Group IV A or V A element; "w" Is a number from 
0 to 3; 

and L Is a neutral Lewis base; or L represents a second 
transition metal compound of the same type such that the two metal 
25 centers M and M' are bridged by Q and Q* , wherein M' has the same 
meaning as N and Q* has the same meaning as Q, as represented by 
the formula II; and 

B. an activator compound comprising 

(1) a cation (with or without a donatable proton) 

30 and 

(2) a labile, bulky anion which is either a single 
coordination complex having a plurality or lipophilic radicals 
covalently coordinated to and shielding a central charge-bearing 
metal or metalloid atom, or an anionic complex containing a 

35 plurality of boron atoms, the bulk of said anion being such that 
upon reaction of the cation of the activator 
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compound wit:h a cation reactable substituent of said 
Group IV-B transition metal so that a Group XV-B metal 
cation is formed, said anion is sterically hindered from 
covalently coordinating to the Group IV-B metal cation, 
and the lability of said anion is such that said anion is 
displaceable from said Group IV-B metal cation by an 
unsaturated hydrocarbon having a Lewis base strength 
equal to or greater than ethylene. 

2. The catalyst system of clala 1 wherein the heteroaton 
llgand group 3 element Is nitrogen, phosphorous, oxygen or sulfur. 

3. The catalyst system of claim 2. wherein "y" 1$ 1 and 
••B" is a linear, branched or cyclic alkylene group having from 1 to 
6 carbon atoms, an alkyi substituted sllaalkylene group having from 
1 to 2 silicon atoms In place of carbon atoms In the bridge, or a 
S1pSl2 alkyi substituted sllanylene group. 

4. The catalyst system of claim 3 wherein the heteroatom 
llgand group 3 element Is nitrogen. 

5. The catalyst system of claim 4 wherein "y" is 1 and 
"B" Is an alkyi substituted sllaalkylene group having from 1 to 2 
silicone carbon atoms In the bridge, or a SIpSlj alkyl 
substituted sllanylene group. 

(. The catalyst system of claim 2, wherein said activator 
compound Is represented by the formula: 

t(f-H)*]jt(H' )"^0,02- •0^,3*'" wherein: 
L* Is a neutral Lewis base; H Is a hydrogen atom; tL*-H] Is a 
Bronsted add; H' Is a metal or metalloid selected from the 
subtended Groups V-B to V*A of the of the Periodic Table of the 
Elements; I.e., Groups V>B. BI-B, VII-B, VIII, I-B. II-B. III-A, 
IV-A, and V-A; to are a. Independently, hydride, 
dialkylamldo, alkoxide, aryloxide, hydrocarbyl 
substltuted-hydrocarbyl and organometallold radicals and any one. 
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but not more than one of 0^ to 0^ nay be a hallde radical; 

Is an Integer from 1 to 7; -n" 1$ an Integer from 2 to 8; and n - m 

- "d", 

?• The catalyst system of claim 6, wherein said activator 
cmpound Is represented by the formula: 
Cf-Hl^CBAr^ARjXjX^] 

wherein: 

f Is a neutral Lewis base. H is a hydrogen atom, and 
CL'-H]* Is a Bronsted acid; 
wherein: 

B Is boron In a valence state of three; 

Ar^ and Arg are the same or different aromatic or 
substltuted-aromatic hydrocarbon radicals which radicals may be 
linked to each other through a stable bridging group; and and 
X^. are Independently, a hydride, hallde. hydrocarbyl. 
substltuted-hydrocarbyl. or an organometallold radical • 

8. The catalyst of claim 7. wherein said activator 
compound Is represented by the formula: 

CL'Hl^CBCCgFg)^]- 

wherein L" Is a neutral Lewis base. H Is a hydrogen atom. tL*H3 1$ a 
Bronsted acid, and B Is a boron In a valence of 3*f. 

9. The catalyst system of claim 7 wherein the heteroatom 
llgand group 3 element Is nitrogen. 

10. The catalyst system of claim 7 wherein H Is zirconium. 

11. The catalyst system of claim 7 wherein the 
cyclopentadlenyl ring group contains four substltuent R groups, "x" 
1$ 4. 

12. The catalyst system of claim 7 wherein M 1$ hafnium. 
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13. The catalyst system of claim 7 wherein the 
cyclopentadlenyl group contains one substltuent R group, ••x" Is !• 

14. The catalyst system of claim 6 wherein sal deactivator 
compound Is represented by the formulae: 

[L'-H]^[(a)^)(M"X' ^" 

wherein [L*-H] Is either H*, ammonium or a substituted 
ammonium cation having up to 3 hydrogen atoms replaced with a 
hydrocarbyl radical containing from 1 to about 20 carbon atoms or a 
substltuted-hydrocarbyl radical, wherein one or more of the hydrogen 
atoms Is replaced by a halogen atom, containing from 1 to about 20 
carbon atoms, phosphoniuro radicals, substltuted-phosphonlum radicals 
having up to 3 hydrogen atoms replaced with a hydrocarbyl radical 
containing from 1 to about 20 carbon atoms or a 
substltuted-hydrocarbyl radical, wherein 1 or more of the hydrogen 
atoms Is replaced by a halogen atom, containing from 1 to about 20 
carbon atoms and the like; C is carbon; M" is boron or phosphorous; 
each of X, X*. X". X3. X^ and Xg are radicals selected. 
Independently, from the group consisting of hydride radicals, hallde 
radicals, hydrocarbyl radicals containing from 1 to about 20 carbon 
atoms, substltuted-hydrocarbyl radicals, wherein one or more of the 
hydrogen atoms Is replaced by a halogen atom, containing from 1 to 
20 carbon atoms, organoraetalloid radicals wherein each hydrocarbyl 
substitution in the organo portion contains from 1 to about 20 
carbon atoms and said metaT is selected from Group IV-A of the 
Periodic Table of the Elements and the like; H Is a transition 
metal; "a" and "b" are Integers > 0; "c" Is an Integer > 1; a ♦ 
b 4- c - an even-numbered Integer from 2 to about 8; and "m" Is an 
Integer ranging from 5 to about 22; "a*" and "b** are the same or a 
different Integer > 0; "c" is an Integer > 2; 'a 4^ b' ♦ c* « an 
even-numbered Integer from about 4 to about 8; "m" is an Integer 
from 6 to about 12; *n" Is an Integer such that 2c' - n - d; and "d** 
Is an Integer greater than or equal to 1. 
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15. The catalyst of claim 14 wherein the activator 
component Is represented by the following formula: 

wherein L* Is a neutral Lewis base, H Is a hydrogen atom and 
[L*H]* Is a Bronsted add. 



16. A composition of matter comprising the following 
general formula: 



^^S^S-y-x^^ 




2.1-y 



wherein: M Is Zr. Hf or T1 and Is in Its highest formal oxidation 
state (+4, d® complex); 

(CgHg^y^j^Rjj) is a cyclopentadlenyl ring which Is 
substituted with from zero to five substltuent groups R, "x" Is 0, 
1. 2« 3, 4 or 5 denoting the degree of substitution, and each 
substltuent group R 1s» Independently, a radical selected from a 
group consisting of C^-Cjq hydrocarbyl radicals, substituted 
^1*^20 '^y^^^oc^^byl radicals wherein one or more hydrogen atoms 
Is replaced by a halogen atom, C^-Cjq hydrocarbyl-substltuted 
metalloid radicals wherein the metalloid Is selected from the Group 
IV A of the Periodic Table of Elements, and halogen radicals, or 
(CgH^y^yRy) Is a cyclopentadlenyl ring In which two adjacent 
R-groups are joined forming a C^--C2q ring to give a polycycllc 
cyclopentadlenyl llgand. 

(JR*2.|.y) Is ^ heteroatom llgand In which J Is an 
element with a coordination number of three from Group VA or an 
element with a coordination number of two from Group VI A of the 
Periodic Table of Elements, and each R* Is, independently a radical 
selected from a group consisting of C^-Cjq hydrocarbyl radicals. 
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substituted C^Cjq hydrocarbyl radicals wherein one or more 
hydrogen atoms Is replaced by a halogen atom* and "z" Is the 
coordination of number of the element J; 

each 0 may be Independently, hydride, C^-C^q 
hydrocarbyl radicals, substituted hydrocarbyl radicals wherein one 
or more hydrogen atom Is replaced by an electron-withdrawing group 
such as a halogen atom, or allcoxide radical, or C^^C^q 
hydrocarbyl-substi tuted metalloid radicals wherein the metalloid Is 
selected from the Group IV--A of the Periodic Table of Elements, 
provided that where any Q Is a hydrocarbyl such Q Is different from 
^^5^5-y-x'^x'* ^^^^ ^ together may be an alkylldene, olefin, 
acetylene or a cyclometallated hydrocarbyl. 

■y" Is 0 or 1; when "y" Is 1, B Is a covalent bridging 
group containing a Group ZV A or V A element. 

L Is a neutral Lewis base; and "w* Is a number from 0 to 3, 

[A]^ Is a labile bulk anion which Is either a single 
coordination complex having a plurality of Lipophilic radical 
covalently coordinated to and shielding a charge bearing metal or 
metalloid center or an anionic complex containing a plurality of 
boron atoms. 

17. The composition of matter of claim 16 wherein [A]* 
Is represented by the following general formula 

wherein Is a metal or metalloid selected from the Groups 
subtended by Groups V-B to V-A of the Periodic Table of the 
Elements; I.e., Groups V*B, VI-B, VII-B, VIII, I-B, II-B, III-A, 
IV-A, and V-A; 

to are selected. Independently, from the 
Group consisting of hydride radicals, dialkylamldo radicals, 
alkoxide and aryloxide radicals, hydrocarbyl and 
substltuted-hydrocarbyl radicals and organometallold radicals and 
any one, but not more than one, of to may be a hallde 
radical, the remaining Q| to being. Independently, selected 
from the foregoing radicals; 
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m Is an Integer from 1 to 7; 

n Is an Integer from 2 to 8; antf n - m • d. 

18. The composition of matter of claim 16 wherein CA]* 
Is represented by the following general formula: 

[tC(CX3)^,CH-X4)„(X5)j^J^-]2H'^*)^- 

C Is carbon; M" Is boron or phosphorous; each of X, 
X*« X*", X^. X^ and X^ are radicals selected. Independently, 
from the group consisting of hydride radicals, hallde radicals, 
hydrocarbyl radicals containing from 1 to about 20 carbon atoms, 
substltuted^hydrocarbyl radicals, wherein one or more of the 
hydrogen atoms Is replaced by a halogen atom, containing from 1 to 
20 carbon atoms, organometallold radicals wherein each hydrocarbyl 
substitution In the organo portion contains from 1 to about 20 
carbon atoms and said metal Is selected from Group IV-A of the 
Periodic Table of the Elements and the like; K Is a transition 
metal; "a" and "b" are Integers > 0; "x" Is an Integer > 1; a ♦ 
b c « an even-numbered Integer from 2 to about 8; and "m" Is an 
Integer ranging from 5 to about 22; "a'" and "b'" are the same or a 
different Integer > 0; "c*" Is an Integer >2; a* b' <f c* - an 
even-numbered Integer from about 4 to about 8; "d"" Is an Integer 
from 6 to about 12; "n" Is an Integer such that 2c* - n - d; and "d" 
Is an Integer greater than or equal to U 

19* The composition of matter of claim 17 wherein [A]~ 
is BCCjFgV. 

20. The composition of matter of claim 18 wherein CA]** 
Is [CC2BgH|,)2Cor. 
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21. A composition of matter of formula 




22* A method of producing a catalyst system of claim 
1 which comprises admixing the Group IV-B transition metal 
component A and the activator compound B to form the desired 
catalyst system. 



23. A catalyst system according to claim 1 or a 
method according to claim 22 wherein A and B are In a molar ratio 
of from 1:1 to 200:1. 

24. A process for producing a homo- or co-polyolefin 
which comprises (co)polymerlzlng one or more oleflnlcally 
unsaturated monomer(s) In the presence of a catalyst system 
according to any of claims 1 to 15 and 23 or a composition of 
matter according to any of claims 16 to 21. 

25. A process according to claim 24 when performed 
In the liquid phase. 

26. A process according to claim 24 or 25 wherein 
the catalyst system or composition of matter is Introduced into 
the monomers per se or Is formed In situ in the polymerization 
mixture. 



